The molecular substrates underlying cocaine reinforcement and addiction have been studied for decades, with a primary focus on signaling molecules involved in modulation of neuronal communication. Brain-derived neurotrophic factor (BDNF) is an important signaling molecule involved in neuronal dendrite and spine modulation. Methyl CpG binding protein 2 (MeCP2) binds to the promoter region of BDNF to negatively regulate its expression and cocaine can recruit MeCP2 to alter the expression of genes such as BDNF that are involved in synaptic plasticity. For several decades, BDNF has been implicated in mediating synaptic plasticity associated with cocaine abuse, and most studies report that neurons are the primary source for BDNF production in the brain. The current study assessed the effects of intravenous cocaine self-administration on microglial activation, and MeCP2 and BDNF expression in reward regions of the brain in vivo, as well as determined specific effects of cocaine exposure on MeCP2 and BDNF expression in human primary neurons and microglia. The results from this study highlight a distinct molecular pathway in microglia through which cocaine increases BDNF, including the phosphorylation of MeCP2 its subsequent translocation from the nucleus to the cytosol, which frees the BDNF promoter and permits its transcriptional activation. Results from these studies show for the first time that cocaine self-administration increases microglial activation, and that microglial MeCP2 is a sensitive target of cocaine resulting in increased release of BDNF from microglia, and possibly contributing to cocaine-induced synaptic plasticity.
Introduction
The molecular substrates underlying cocaine reinforcement and addiction have been studied for decades, with a primary focus on signaling molecules involved in modulation of neuronal communication. By contrast, fewer studies have investigated how alterations in resident CNS immune cell function may play a role in changes in neurotransmission and neuroplasticity in the instance of cocaine taking behavior. One signaling pathway that has recently received attention is the regulation of brain derived neurotrophic factor (BDNF) by the transcription factor methyl CpG binding protein 2 (MeCP2). For example, alterations in MeCP2 expression have profound effects on cell morphology, neurotransmission, and cellular processes that support learning and memory. MeCP2 binds to methylated cytosine residues of CpG sites in DNA to silence gene transcription (Chen et al., 2003; Nan et al., 1998; Zhou et al., 2006) . Several studies have now shown that psychostimulants can recruit MeCP2 to alter the expression of genes involved in synaptic plasticity (Bodetto et al., 2014; Cassel et al., 2006; Sadri-Vakili et al., 2010) . Specifically, MeCP2 binds to the promoter region of BDNF to negatively regulate its expression. Following activitydependent calcium influx into cells, MeCP2 becomes phosphorylated and dissociates from the BDNF promoter (Chen et al., 2003) , thereby permitting other transcription factors to bind to the BDNF promoter and facilitate its transcriptional activation. MeCP2 loss of function leads to numerous neuronal morphological changes and alterations in synaptic plasticity in mice. Moreover, MeCP2 is the gene that causes the neurodevelopmental disorder Rett Syndrome in humans.
Im et al. demonstrated that MeCP2 expression in the dorsal striatum of rodents increases with escalating cocaine self-administration and serves to regulate the effects of cocaine on striatal BDNF, an important signaling molecule involved in dendritic and spine modulation (Im et al., 2010) . In the Im study, increased protein expression of MeCP2 was localized almost exclusively with neurons as compared to astrocytes. Importantly, these effects were only observed in rats given access to cocaine for 6 h daily sessions ("extended" access, or escalation protocol) and not in rats given access to cocaine for 2 h daily sessions ("restricted" or "short" access conditions). This self-administration paradigm was developed by Ahmed and Koob was published in Science
